Introduction. The pressure dependence of elastic constants of selected solids has been measured by ultrasonic pulse travel time [Lazarus, 1949; Hughes, 1960] and by ultrasonic interference methods [McSkimin, 1958] In the present experiment the ultrasonic pulse interference methods developed by McSkimin [1950] are used in a pressure cell of the type first developed by Bridgman [1952] and later modified by Griggs and Kennedy [1956] to determine the variation of the elastic constants and the density of a polycrystalline material, KC1 with pressure. This material was chosen because the dependence of the elastic constants and of the density of the low-pressure phase on pressure had been well established [Lazarus, 1949] , and because KC1 is known to have a polymorphic phase transition [Bridgman, 1940] at a pressure readily attainable in our present pressure cell. The present experimental technique, while similar to that of Anderson [1960] , should permit extension of pressure-dependence studies of elastic constants and density of solids to the limit.s of the Bridgman-type anvil apparatus. Harris, Vaisnys, Stromberg, and Jura, x In partial fulfillment of the requirements for the degree of Doctor of Philosophy.
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[1960] report achieving pressures of 400 kb in such an apparatus. Straightforward modifications of the present equipment should permit the introduction of temperature as a variable in the measurements.
Description a•d theory o/measurement. McSkimin
[1950] developed a method for obtaining elastic constants of small specimens by measuring the carrier frequency of an ultrasonic RF pulse reflected from opposite sides of the specimen. If the pulse duration is long in comparison with the transit time, the carrier frequency may be varied until a condition of dest -ructive interference between pulses reflected at opposite sides of the specimen is produced. From specimen thickness and carrier frequency it is then possible, after some corrections, to determine elastic wave velocities to high precision. A buffer ro(l is often useful in separati•g the quart• transducer from the specimen, especially when the conditions of stress or temperature imposed upon the specimen are unfavorable for the operation of the quartz transducer [McSkimin, 1953] .
In the present experiment (Figs. I and 2) an axial force is applied through two tungsten carbide inserts to a thin specimen, of the order of 0.2 mm thick and contained laterally by a pipe- fiected within the insert, as many as ten successive reflections being observed. Each reflection is detected by the transmitting crystal and displayed on the wide-band oscilloscope. In most applications, including the present, the acoustic impedance of the tungsten carbide exceeds that of the specimen. Therefore, when the wavelength in the specimen is an integral multiple of twice the thickness, the multiple refleetions transmitted from within the sample will all be in phase with each other and 180 ø out of phase with the reflection from the carbidespecimen interface. The reflected pulse amplitude will be zero when the carrier frequency Measurement of lo, required in (7), is made difficult by the fact that initially the specimen is uneven, soft, and thin. It must be several thousandths of an inch thinner than the washer to prevent extrusion and smaller in diameter to permit proper mounting. As the pressure is increased, the pipestone washer expands radially inward until it meets the specimen. Thickness /o was calculated from specimen mass m, crystal density po, and diameter d by assuming that, when good acoustic coupling is achieved, the specimen diameter is equal to the initial speci- 
The pressure derivative of density, measured in the present method, must be integrated as in (8) for comparison with Bridgman's data. This numerical integration is valid as long as there are no first-order discontinuities: in the p versus P relationship. At a polymorphic transition, such as that in KC1, another approach must be devised. For a material for which Bridgma.n has measured the density increase, the density o.f the high-pressure phase may be used to start the integration procedure above the transition pressure. From the resulting p versus P data the values of the elastic constants follow as before.
As is evident from (1) to (6), the integrand of (7) would become infinite at the transition pressure. However, if the transition were spread out over a range of pressures, the variation with pressure of the integrand of (7) would be a bell-shaped curve, the width of which would depend upon the range of pressures over which the transition occurs. The known density change [Bridgman, 1940] Ultrasonic system. An RF pulse generator e (Fig. 1) salicylate. The RF pulse is applied through a 93-ohm attenuator, switch $, and a step-up transformer, to one of two bridges (Fig. 3) . One bridge arm is connected to the transducer. With the bridge in balance, the bridge output observed on the oscilloscope' is zero during the application of the excitation pulse. On the other hand, since the signal produced by reflections is applied across one arm of the bridge only, it produces a differential voltage which is readily detected without overdriving the oscilloscope amplifier, although more than 80 db down from the excitation pulse. The RF pulse may be applied to either the x-cut or y-cut transducer by means of switch S, permitting convenient and quick change in viewing longitudinal or transverse wave reflections.
As the carrier frequency is tuned (Fig. 4) , the first reflection goes through a null (upper exTektronix type 543 with type L preamplifier. Frequeacy-measuring system. The RF pulse generator (Fig. 1) (Fig. 5) . In half of the mixer the RF pulse is heterodyned with the local oscillator voltage, 9 and the resulting output is applied to the vertical amplifier of the x-y oscilloscope, TM operating with a driven sweep. When the carrier and local oscillator frequency are equal, the RF pulse degenerates into a pulse consisting of a single straight line (Fig. 6, left) .
In an alternative and more convenient display, the mixer output is applied to the horizontal amplifier of the x-y oscilloscope. In addition, the RF pulse applied to the other half of the mixer is delayed 90 ø by a suitable length of RF cable, n heterodyned with the local oscillator, and applied to the vertical amplifier of the x-y oscilloscope. If successive RF pulses were phase coherent, an inclined straight line would be observed on the oscilloscope when the RF pulse carrier frequency equaled the local oscillator frequency. However, phase incoherence bet.ween local oscillator and pulse generator produces a series of spokes on the x-y oscilloscope 9 Unit oscillator, type 1211-B, General Radio Co.
•0 Dumont oscilloscope, type 248. n Three feet of RG-58/U cable provides a 4.5-nsec delay. Fine tuning for the 90' delay is obtained by means of a 50-to 700-pf capacitor in parallel with the RF cable. 
